The cotton fabrics were surface modified for water repellent finishing with silicon sol, which was prepared with the tetraethoxysilane(TEOS) and solvent ethanol, catalyzer HCl, water and modified with additives, such as Methyltriethoxysilane(MTEOS), Octyltriethoxysilane(OTEOS) and Hexadec-ltrimethoxysilane(HTEOS). As a result, acceptable water repellence could only be achieved via the addition of longer chain length additives such as OTEOS, HTEOS, while the use of additives containing a shorter alkyl chain length such as MTES led to insufficient water repellence. The factors which influence contact angles were examined. Excellent water repellent properties could be achieved on the cotton fabrics treated with the silica sols by twice dip and pad and cured at 160℃. The silica sol preparation preference conditions were with TEOS: H 2 O: EtOH=1: 5: 8 (mol) by stirring for 6 hours at 65 o C which was added with HTEOS. The water repellence contact angle was able to be reached around 140° and the hydrostatic pressure was 46cm.
Introduction
The . In particular, inorganic-organic materials have received increasing attention when achieving functional surface finishing. Combining chemical and physical modification offers unlimited potential for the development and application of inorganic sol coatings that can be used for the functional textiles, including improved stability against mechanical or thermal destruction, improved water, oil and soil repellence, changing of light absorption of textiles, improved electric conductivity of textiles, immobilization and controlled release of bioactive species, oils and flavours (Mahltig et al., 2005) .
Organoalkoxysilanes have been widely used as structural units to construct a variety of silicabased hybrid materials (Yu et ). Previous studies indicated that water-repellent cotton fabrics were prepared by a low-degree substitution of long chain alkyl groups. The water repellence of the treated fabrics withstands repeated laundering, and the fabrics also retain their biodegradability (Sawatari et al., 1998) .
In this study, the cotton fabrics modified with silicon sol were investigated in order to impart the water repellent function. The relationship between the factors of preparation sols and water repellent property was also examined in detail. 
Experimental

Materials
Preparation of the Silica Sol
The sols were prepared via acidic hydrolysis of TEOS solved in a mixture of ethanol (95%) and distilled water. 
Treatment of the Cotton Fabrics
The fabric used in this study was a 100% cotton plain weave that had been desized, bleached and scoured (weight 141 g/m 2 ). The cotton fabrics were treated with the prepared sols by double dip and double nip (the wet pick up was 70%) at room temperature. Afterwards the samples were 
Contact Angle Measurements
The contact angles were measured using a drop shape analysis apparatus (DSA100, KrÜss, company, Germany). The measurements on cotton fabrics were performed 20 seconds after the water drop was placed on the textile substrate.
Hydrostatic Pressure
The Hydrostatic pressure was tested by a permeability measurement device (YG812, China)
according to GB/T4744-1997.
Water Repellence Spray Tests
According to GB ／ T 4745-1997, the water uptake of the textile under full contact with water was determined. In this case, a textile sample of 10 cm×10 cm was put in 300 ml distilled water for 1 minute. The water uptake of the textile during placement under water was determined.
The water was sprayed against the coated cotton fabric surface under controlled and specified conditions. The textile sample (20 cm×20 cm) was fixed in an angle of 45°, under a spray nozzle (distance of 16 cm). Then 250 ml water was sprayed onto the textile for 30 seconds. The uptake of water of the sample during this procedure was determined using an electron balance. The increase in weight caused by the water uptake was set in comparison with the unwetted fabric sample.
Results and Discussion
Effect of the Ratio of TEOS and H 2 O on the Water Repellence
The ratios of TEOS and H 2 O were varied to evaluate the effect of the TEOS and H 2 O on water repellency. The results of the contact angle measurements are shown in Figure 1 .
The water contact angle increase much when the ratio of the H 2 O and TEOS is up to 5:1. This trend shows that the contact angle decreases with the increase of the ratio the H 2 O and TEOS. This may due to the alk-oxysilanes of the TEOS does not hydrolyze completely when the ratio is less than 5:1. The polycondensation occurr in the end of the silica-oxygen bonds due to steric hindrance. As the ratio of the H 2 O and TEOS increase more than 5:1, the dehydrating polycondensation may occur. Steric hindrance is eliminated by the dehydrating polycondensation, which induce the free hydroxy polycondensation. The hydrolysis accelerate with the increase in water, and the concentration of the TEOS is diluted; the Si-O bonds are hydrolyzed again as a result of the reversible dehydrating polycondensation, thus water repellence reduce. Figure 2 shows the variation of contact angle as the ratio of the ethanol and TEOS changes. The hydrolysis and polycondensation occur as a result of solvent ethanol which is beneficial to the uniform solution forming, but the polycondensation with the ethanol polymerisate occur with excessive ethanol. Therefore, there is a rising trend when the ratio of EtOH and TEOS change from 4 to 8 but there is a decline when the ratio of EtOH and TEOS further increase. The effects of react time and temperature on water repellence were investigated by varying the react time and temperature, as shown in Figure 3 .
Effect of the Ratio of Ethanol and TEOS on the Water Repellence
An increase of contact angle can be observed in Figure 3 . The improvement in water repellence may be attributed to the completely hydrolysis of the TEOS as temperature and time increase.
However, there was a slight decrease of the contact angle as time increased. Such variation observed may be due to the slight gels occurred as the temperature increases. Thus the film forming was influenced. The water repellence within the same time is improved. The contact angle could be kept steady at a high value as the temperature reach 65 o C. This may be ascribed to the increasing temperature which may lead to the increasing rate of hydrolysis which brings the appearance of the peak value. EtOH:TEOS C o n t a c t a n g l e （°） Figure 4 shows the effect on water repellence of HCl. It seems that water repellence improves slightly as the pH reduces. The effect of pH on contact angle explains why the HCl catalyzed the hydrolysis and the increasing rate of hydrolysis favored the formation of the three-dimensional network gels. The pH of 6 is preferred to be used as the acid affects the cotton fabrics and water repellence significantly. 
Effect of the pH Value on the Water Repellence
Effect of the Curing Temperature on the Water Repellence
To investigate the influence of the curing temperature on water repellence, the curing temperature was varied, and the results of the contact angle measurements are shown in Figure  5 .
It can be seen from the Figure 5 that curing time is one of the parameter which influences the contact angle. This may be because the minor amounts of packed solvent are in the dried gels. After the high temperature curing, the threedimensional network structure is able to be bound tightly. As the temperature is higher, the more significant improvement of water repellence is achieved. However, the cotton fabrics have yellowing problems in the case of 180 o C. Thus the curing temperature of 160 o C is suggested. The effect of additives on water repellence is shown in Figure 6 . Compared to the contact angle of 86.73° without any additives, the sol with 4 wt% MTEOS had insignificant increase of the contact angle, and for the OTEOS additive, with the concentration increased from 2 wt %, the contact angle of 110.82° was reached. The 139°o f the contact angle was obtained with the 0.5 wt% HTEOS. The results suggest that water repellence is significantly influenced by the carbon chain length. This may be due to the longer alkyl chain length covered in the surface of the cotton fabrics.
____________________ 5 The sol was prepared by 0.1 mol TEOS, 0.8 mol ethanol, 2 ml 0.01 N HCl, 7 ml H 2 O at 65 o C for 6 hours, which was added 4 wt% OTEOS. The cotton fabrics were treated with sols and dried at 90 o C, annealed at different temperature for 2 minutes. 6 The sol was prepared by 0.1 mol TEOS, 0.8 mol ethanol, 2 ml 0.01 N HCl, 7 ml H 2 O at 65 o C for 6 hours. The cotton fabrics were treated with sols and dried at 90 o C, annealed at 120 o C for 2 minutes. It can be concluded that sufficient water repellence is gained after the cotton fabric is treated with modified sol, which is able to form the compact films on the surface of the fabric.
Water Repellent Properties
The increase of 12% gain in the weight of the water uptake for the treaded fabrics, while the hydrostatic pressure reached 46 cm. The water repellence grade gain 4 scales. 
Conclusions
This study concerns the preparation of water repellent cotton fabrics using various modified silica sols. The factors which affect the contact angle of treated fabrics were investigated, such as the ratio of TEOS and H 2 O, the ratio of TEOS and ethanol, pH value, temperature etc. The silica sol preparation preference conditions were with TEOS: H 2 O: EtOH = 1:5:8 (mol) in the presence of HTEOS with stirring for 6 hours at 65 o C. Excellent water repellent properties could be achieved on the cotton fabrics treated with the silica sols by twice dip and pad and cured at 160 o C. The addition of long chain alkyltrialkoxysilanes to sols is necessary for the preparation of water repellent fabrics by the solgel process. It was found that suitable water repellence could only be achieved via the addition of longer chain length additives such as OTEOS, HTEOS, while the use of additives containing a shorter alkyl chain length such as MTES led to insufficient water repellence.
Different methods were used to evaluate the water repellent properties of treated fabrics by sol gel technology. The contact angle was able to be reached around of 140 o C even at the low concentration 0.5wt% of HTEOS and the hydrostatic pressure of treated fabrics reached 46 cm. Therefore, the modification of silica sols with long chain alkyltrialkoxysilanes is an effective method for cotton fabrics to own excellent water repellent function without any addition of fluorine containing compounds. The gas-permeability, handle and comfortable properties of cotton fabric after sol surface modification will be investigated in future research work.
